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DEPTH FUSED DISPLAY 
Technical Field 

The present invention relates to a variable depth display and more particularly to use 
of luminance differences between images located on separate screens as the means of 
5 varying the perceived depth. 

Background Art 

The ability to form images at different depths within a display, whether real or 
perceived, has been the subject of significant and ongoing research and development 
in the quest to provide display technology capable of replicating or augmenting the 
10 depth effects conferred by normal human sight. 

Three-dimensional or multi-focal plane displays are known to provide numerous 
advantages or capabilities unavailable with conventional two-dimensional displays. 
The manner in which human beings process visual information has been the subject of 
extensive and prolonged research in an attempt to understand this complex process. 
15 This research has included the effects depth or 'apparent depth' provided by three 
dimensional or multi-focal pane displays. 

The term preattentive processing has been coined to denote the act of the 
subconscious mind in analysing and processing visual information which has not 
become the focus of the viewer's conscious awareness. 

20 When viewing a large number of visual elements, certain variations or properties in 
the visual characteristics of elements can lead to rapid detection by preattentive 
processing. This is significantly faster than requiring a user to individually scan each 
element, scrutinising for the presence of the said properties. Exactly what properties 
lend themselves to preattentive processing has in itself been the subject of substantial 
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research. Colour, shape, three-dimensional visual clues, orientation, movement and 
depth have all been investigated to discern the germane visual features that trigger 
effective preattentive processing. 

Researchers such as Triesman [1985] conducted experiments using target and 
5 boundary detection in an attempt to classify preattentive features. Preattentive target 
detection was tested by determining whether a target element was present or absent 
within a field of background distractor elements. Boundary detection involves 
attempting to detect the boundary formed by a group of target elements with a unique 
visual feature set within distractors. It maybe readily visualised for example that a red 

10 circle would be immediately discernible set amongst a number of blue circles. 
Equally, a circle would be readily detectable if set amongst a number of square shaped 
distractors. In order to test for preattentiveness, the number of distractors as seen is 
varied and if the search time required to identify the targets remains constant, 
irrespective of the number of distractors, the search is said to be preattentive. Similar 

15 search time limitations are used to classify boundary detection searches as 
preattentive. 

A widespread threshold time used to classify preattentiveness is 200-250 msec as this 
only allows the user opportunity for a single 'look' at a scene. This timeframe is 
insufficient for a human to consciously decide to look at a different portion of the 
20 scene. Search tasks such as those stated above maybe accomplished in less than 200 
msec, thus suggesting that the information in the display is being processed in parallel 
unattendedly or pre-attentively. 

However, if the target is composed of a conjunction of unique features, i.e. a conjoin 
search, then research shows that these may not be detected preattentively. Using the 
25 above examples, if a target is comprised for example, of a red circle set within 
distractors including blue circles and red squares, it is not possible to detect the red 
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circle preattentively as all the distractors include one of the two unique features of the 
target. 

Whilst the above example is based on a relatively simple visual scene, Enns and 
Rensink [1990] identified that targets given the appearance of being three dimensional 
5 objects can also be detected preattentively. Thus, for example a target represented by 
a perspective view of a cube shaded to indicate illumination from above would be 
preattentively detectable amongst a plurality of distractor cubes shaded to imply 
illumination from a different direction. This illustrates an important principle in that 
the relatively complex, high-level concept of perceived three dimensionality may be 
10 processed preattentively by the sub-conscious mind. 

In comparison, if the constituent elements of the above described cubes are re- 
orientated to remove the apparent three dimensionality, subjects cannot preattentively 
detect targets which have been inverted for example. Additional experimentation by 
Brown et al [1992] confirm that it is the three dimensional orientation characteristic 

15 which is preattentively detected. Nakaymyama and Silverman [1986] showed that 
motion and depth were preattentive characteristics and that furthermore, stereoscopic 
depth could be used to overcome the effects of conjoin. This reinforced the work 
done by Enns Rensink in suggesting that high-level information is conceptually being 
processed by the low-level visual system of the user. To test the effects of depth, 

20 subjects were tasked with detecting targets of different binocular disparity relative to 
the distractors. Results showed a constant response time irrespective of the increase 
in distractor numbers. 

These experiments were followed by conjoin tasks whereby blue distractors were 
placed on a front plane whilst red distractors were located on a rear plane and the 
25 target was either red on the front plane or blue on the rear plane for stereo colour (SC) 
conjoin tests, whilst stereo and motion (SM) trials utilised distractors on the front 
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plane moving up or on the back plane moving down with a target on either the front 
plane moving down or on the back plane moving up. 

Results showed the response time for SC and SM trials were constant and below the 
250 msec threshold regardless of the number of distractors. The trials involved 
5 conjoin as the target did not possess a feature unique to all the distractors. However, 
it appeared the observers were able to search each plane preattentively in turn without 
interference from distractors in another plane. 

This research was further reinforced by Melton and Scharff [1998] in a series of 
experiments in which a search task consisting of locating an intermediate-sized target 
10 amongst large and small distractors tested the serial nature of the search whereby, the 
target was embedded in the same plane as the distractors and the preattentive nature of 
the search whereby the target was placed in a separate depth plane to the distractors. 

The relative influence of the total number of distractors present (regardless of their 
depth) verses the number of distractors present solely in the depth plane of the target 

15 was also investigated. The results showed a number of interesting features including 
the significant modification of the response time resulting from the target presence or 
absence. In the target absence trials, the reaction times of all the subjects displayed a 
direct correspondence to the number of distractors whilst the target present trials did 
not display any such dependency. Furthermore, it was found that the reaction times in 

20 instances where distractors were spread across multiple depths were faster than for 
distractors located in a single depth plane. 

Consequently, the use of a plurality of depth/focal planes as a means of displaying 
information can enhance preattentive processing with enhanced reaction/assimilation 
times. 



25 Known three-dimensional displays seek to provide binocular depth cues to the viewer 
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via a variety of techniques including separate head-mounted displays located directly 
in front of each eye, lenticular displays and holography. Unfortunately, each of these 
possesses certain limitations. Head-mounted displays add ergonomic inconvenience, 
reduce the viewer's peripheral awareness and are often cumbersome and can cause 
5 nausea, headaches and/or disorientation. Lenticular displays are only really effective 
at oblique viewing angles and holography is currently limited to displaying static 
images. 

A further implementation of a three-dimensional display is referred to herein as a 
'combination display' is configured with two displays of known type located at 
10 differing distances from a half-silvered mirror. The orientation of the displays is such 
that one display is visible along a ray axis passing directly through the half-silvered 
mirror, whilst the other display is visible along a ray axis reflected from the mirror's 
surface. 

A composite image may be formed therefore from the respective images shown on 
both displays. The differing distances of the displays from the half-silvered mirror 
leads to the perception that the images are located at different depths within the 
composite image scene viewed. Such systems are unavoidably bulky and 
cumbersome in comparison to conventional single screen displays in order to house 
the two separate displays without any physical overlap. 

Furthermore, the luminance of the image transmitted to the viewer is attenuated by the 
intrinsic transmissive qualities of the half silvered mirror, requiring the use of a more 
intense back-light (or similar illumination means) in each display. 

Additional difficulties arise from the generation of a parallax error proportional to the 
distance between the image planes, which is exacerbated by increasing the display 
separation to increase the 'depth 1 of the scene perceived by the viewer. Conversely, if 
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the displays are brought into close proximity, moire interference effects mar the 
resultant image. 

Displays such as those described above create a three dimensional effect by displaying 
images on a number of optically overlapping, essentially planar image or boundary 
5 planes. Whilst this offers an enhancement to the depth cues afforded by a 
conventional display, it would be desirable to display an image at any desired depth 
within the display, rather than being restricted to the physical display image planes. 

This problem has been partially addressed by applying a technique commonly referred 
to as 'depth fusion' to the above described 'combination display' i.e., a configuration 

10 of two separate displays and half-silvered mirror. Depth fusion involves displaying 
two identical images on separate overlapping image planes such that the alignment 
and magnification of the two-layer image are perceived as coterminous when viewed 
along the viewer's fixation axis, i.e., a line from the viewed image extending 
equidistantly to the fovea of each retina to the mid-point between the viewer's eyes. 

15 In a combination display, the overlapping coterminous images are discerned through 
the half-silvered mirror. 

Contrary to an intuitive analysis, it has been found that varying the relative luminance 
distributions between the two overlapped images causes the perceived location of the 
resultant image to be at a point between the two image planes. 

20 Whilst this clearly provides a beneficial effect, the above-described shortcomings of 
combination displays using a half-silvered mirror, i.e., parallax distortion, excessive 
bulk and luminance attenuation are still present. 



Consequently, there is a need to provide the ability to display images at a variable 
depth without the physical constraints imposed by the above described prior art. 
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All references, including any patents or patent applications, cited in this specification 
are hereby incorporated by reference. No admission is made that any reference 
constitutes prior art. The discussion of the reference states what their authors assert, 
and the applicants reserve the right to challenge the accuracy and pertinency of the 
5 cited documents. It will be clearly understood that, although a number of prior art 
publications are referred to herein, this reference does not constitute an admission that 
any of these documents forms parts of the common general knowledge in the art in 
any country. 

It is an object of the present invention to address the foregoing problems. 

10 Further aspects and advantages of the present invention will become apparent from 
the ensuing description which is given by way of example only. 

Disclosure of Invention 

According to one aspect of the present invention there is provided 

a method of displaying an image using a display including: 

15 one or more at least partially transparent, substantially parallel imaging screens 
located in front of, and overlapping with, a rear imaging screen, 

characterised in that a physical image is formed on two or more imaging screens, each 
image being of substantially identical configuration and being sized and aligned such 
that like portions of each image are coterminous to a viewer observing the display, 

20 wherein at least two of said coterminous images are displayed with different 
luminance. 

According to a further aspect of the present invention, there is provided a display 
capable of operating in accordance with the above-described method. 
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As used herein, an image includes any definable portion of the screen ranging in size 
from the smallest discrete addressable element (e.g. a pixel) to an image substantially 
filling the imaging screen area. 

Varying the luminance of the displayed images according to the present invention 
5 enables images to be displayed which are perceived by the viewer as being located at 
some point intermediate, or in front or behind the imaging screens. 

As the imaging planes of the screens may be formed in relatively close proximity to 
each other, a far more compact display may be produced than is possible with 
conventional twin displays combined with a half-silvered mirror. This is primarily 
10 due to utilisation a common optical axis for a viewer observing all the image planes in 
contrast to distinct optical paths taken by light incident on the half-silvered mirror 
from each display in combination displays. 

Preferably, the alignment and magnification of the two-layer image are perceived as 
coterminous when viewed along an observer's fixation axis, i.e., a line from the 
15 viewed image extending equidistantly to the fovea of each retina to the mid-point 
between the viewer's eyes. 

Preferably the relative luminance of the imaging screen area adjacent the said images 
between at least two separate image planes may be varied. 

Preferably, the imaging screen areas adjacent the said images on at least two separate 
20 image planes are displayed with different luminance. 

Preferably, the image and imaging screen area adjacent the said image are displayed 
with different luminance. 
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It has been found that varying the luminance of an image displayed on both image 
planes of a dual-layer display (for example) in the above described manner will enable 
an observer to perceive an apparent image located between the two display screens. 

It has been further realised that the perceived image generated may be caused to 
5 protrude outside the front or rear of the display. This is achieved when the two 
images are displayed with opposite signs of luminance difference between the image 
and its surroundings. 

There are four possible combinations and permutations of luminance variation 
between an image and the adjacent area of the imaging screen on two separate screens 
10 of a multi-layer display. 

Nevertheless, each variation has the common property that the front and rear displays 
have opposite signs of luminance between the image and its surroundings: - a front 
image luminance brighter than its surroundings would have a rear image with a darker 
luminance to the surrounding area of the rear screen and vice-versa. 

15 Preferably, the said images appear coterminous to an observer viewing along a along a 
sight-line extending from a mid point between the observers eyes to the images. 

A potential disadvantage of displays comprised of mechanically stacked image planes 
as described above is that a proportion of the illuminating light, whether emitted from 
the rear screen or incident light reflected one or more of the display screens, is 

20 absorbed during successive transmissions through the transparent screen layers. As 
the display layers located in front of the emissive or reflective rear screen are 
transparent with passive display images or elements (i.e. non-light generating), it is 
not possible to obtain a brighter image, or image surroundings on a front screen than 
on a rear screen without the introduction of some form of additional illumination 

25 between screen layers. 
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Combined displays using a half-silvered mirror configuration as previously described 
circumvent this difficulty as neither display is transparent in itself and may therefore 
be formed with an emissive backlight source whose luminance may be individually 
varied as required. 

5 However, this disadvantage may be overcome according to a further aspect of the 
present invention by the inclusion of an at least partially transparent emissive layer 
between said image planes. In one embodiment, said emissive layer is a light guide. 

According to one aspect of the present invention, said emissive layer is a sheet with 
substantially planar opposed upper and a lower surfaces and a peripheral boundary of 
10 a prescribed thickness, said sheet formed from a material such that light rays incident 
from said peripheral boundary are retained between the said planar surface through 
total internal refraction at angles less than a critical angle. 

Preferably, at least one said sheet planar surface has a plurality of defined features 
located thereupon capable of refracting a said retained light ray incident on a said 
15 feature through an angle greater than the said critical angle of total internal reflection 
sufficient to exit said sheet via one of said planar surfaces. 

In order to be capable of displaying the four permutations of luminance variation 
possible between an image and its adjacent screen area displayed on two overlapping 
screens, it follows that the front-most screen must be capable of independently 
20 displaying images with greater luminance than the rearward screen. 

Thus, for embodiments utilizing a light guide as the emissive layer, the said features 
are only applied to the surface facing the front screen. 

Preferably, said features include diffusion dots, predetermined scratches, indentations 
protrusion, regular or irregular undulations and the like. 
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Preferably, at least one light source is located along said peripheral edge. 

According to one aspect of the present invention, said light source is a cold cathode 
fluorescent tube. In an alternative embodiment, the light source may be light emitting 
diodes (LEDs). 

5 The use of a light guide as the transparent emissive layer differs from known 
utilisations of such materials, which have hitherto been utilised solely for illumination 
purposes, though without using its transparent properties as part of the optical 
pathway of a display. 

Preferably, said emissive layer is configured to refract the ray axis of light at the said 
10 peripheral border such that the peripheral border between adjacent screens is not 
visible along said viewer's sightline. 

According to one aspect of the present invention, the said features are distributed with 
an increasing density as a function of distance from said light source. Preferably, said 
function is quadratic. 

15 According to an alternative embodiment of the present invention, the said prescribed 
thickness of the emissive sheet is reduced as a function of distance from a said light 
source. 

According to an alternative embodiment of the present invention, said emissive layer 
is formed from a transparent organic light emitting diode (TOLED) assembly. 

20 The use of light guides and TOLED assemblies in multi-layer displays are described 
in the applicants co-pending New Zealand Patent Application No. 514500 
incorporated by reference herein. 

A further advantage of the present invention relates to the existing problem of parallax 
error created by viewing the composite image from an off-fixation axis angle. 
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Existing combination displays suffer from pronounced parallax effects for off-axis 
viewing due to the degree of physical separation between the two displays. 

Any means of increasing the acceptable viewing angle of a display greatly enhances 
the display's usability. Whilst viewing a display, particularly computer monitors and 
5 the like, from large off axis angles is unusual, it is entirely normal for a viewer to 
move their viewpoint to a limited degree. 

Parallax error reduces the effects of f depth fusion' as this implicitly requires the 
images on different screens to be substantially aligned. The effects of parallax are 
reduced by the present invention by two features. 

10 Firstly, reducing the physical separation between displays by physically stacking in an 
overlapping alignment produces a significant reduction in parallax in comparison to 
that of 'combination displays' as described above. 

Secondly, in a further embodiment, parallax effects are attenuated by interposing a 
refractor between the said imaging screens. 

15 Preferably, said refractor has a greater refractive index than air. It is possible, the 
display may be operated in a medium other than air, in which case, said refractor has a 
refractive index greater than that of said medium. 

Thus, according to a further aspect, the present invention further includes a refractor 
interposed between at least two said imaging screens, wherein said refractor is formed 
20 from a material having a greater refractive index than that of a medium immediately 
adjacent the display exterior. 

To an observer viewing the display image from a non-orthogonal angle to the display 
screen, the light from the rear screen would appear to originate from a point closer to 
the front screen due to the refraction by the refractor. 
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It will be appreciated that the function of the refractor may be incorporated into the 
said emissive layer. The refractor may be formed integrally with an emissive layer 
such as a light guide or may consist of a separate refractor attached to the emissive 
layer. 

5 According to one embodiment the said imaging screens are liquid crystal display 
(LCD) screens. 

However, it will be understood that the invention is not necessarily restricted to the 
use of LCD screens, and that any transparent or semi-transparent displays may be 
used for the display screens. A non-transparent display technology may be utilised for 
10 the rear imaging screen. 

Thus, by virtue of the configuration of the applicant's displays described or referred to 
herein, it is possible to readily add further display screens to enhance the number of 
image planes on which physical images may be formed. It will be appreciate that 
non-depth fused images may also be displayed on one or more of said screens. 

15 The incorporation of an emissive layer, such as a light guide, between display screens 
further facilitates the addition of multiply overlapping display screens. The 
transmissive losses associated with light passing through each additional display may 
be countered by the added illumination provided by the emissive layers. 

The present invention may be utilised in any application where the ability to vary the 
20 perceived depth, or degree of projection of an image is beneficial such as providing 
contouring effects for maps. It has also been found the effects of depth fusion are 
particularly effective with images of ill-defined borders such as clouds, smoke and so 
forth. 



25 



The principle by which the human brain perceives an image in front of, between, or 
behind the various image planes of a multi-screen display is believed to relate to the 
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mental processing of the two-slightly different retinal images observed by the 
viewer's eyes. It is useful to utilise the mathematics of Fourier analysis/transforms 
and the like as a means of comprehending the human preceptions and to quantify the 
effect. 

5 As is well known in the art, Fourier synthesis provide a means of composing any 
repetitive waveform from the weighted sum of appropriate sine waves of appropriate 
amplitude and phases. 

The inverse of this process; - Fourier analysis, is the process of braking a waveform 
into its constituent sine waveforms. In two-dimensional display optics, these forms 
10 are variations in the luminance and chrominance channels as a function of space. 
However, it is believed that when comparing the binocular disparities to form depth 
perception, the human brain only processes the longer wavelengths. 

Thus, if a first two-dimensional image is displayed to overlap a second spacially 
separated coterminous second image with a different luminance, or different 
15 background luminance, this limitation of human cerebral processing causes a change 
in the binocular disparity perceived with the resultant image being formed at a point 
intermediate the image planes. 

Brief Description of Drawings 

Further aspects of the present invention will become apparent from the following 
20 description which is given by way of example only and with reference to the 
accompanying drawings in which: 

Figure 1 shows schematic exploded cross sectional view of a display in 
accordance with a preferred embodiment of the present invention; 

Figure 2 shows a perspective view of the embodiment shown in figure 1; 



WO 03/040820 



15 



PCT/NZ02/00243 



Figure 3 shows the luminance distribution of a two layer display in accordance 
with a preferred embodiment of the present invention; 

Figure 4(a-d) shows the luminance distribution of a two layer display in accordance 
with a further embodiment of the present invention; 

5 Figure 5 shows an enlarged representative of a portion of the display shown in 
figure 1, and 

Figure 6 shows a refractor incorporated in an embodiment of the present 
invention shown in figure 1. 

Best Modes for Carrying out the Invention 

10 The figures 1-4 illustrate preferred embodiments of the present invention in which a 
display (1) capable of displaying a variable depth image (2) is composed of a plurality 
of transparent imaging screens in the form of LCD screens (3), parallel to, but spaced 
apart from each other and to a rear display screen (4) provided with a backlight (5). It 
should be apparent to one skilled in the art that a number of alternative display 

15 technologies may be utilised in place of the LCD screens. Furthermore, although 
figure 1 shows a single screen (3) in front of the rear display (4) for the sake of clarity 
and convenience, any number of additional (at least partially transparent) imaging 
screens (3) may be incorporated. Such displays provide a three dimensional quality 
the scene viewed by an observer, as described in the applicants co-pending patents 

20 PCT No. PCT/NZ98/00098 and PCT/NZ99/00021, incorporated by reference herein. 

Although, as previously stated, the present invention is not specifically restricted to 
the use of Liquid Crystal Display screens, nevertheless, this type of display 
technology does posses many beneficial attributes to lend itself to use in the 
applicant's displays. By way of a brief overview of LCDs, there are two main types 
25 of Liquid Crystal Displays used in computer monitors, passive matrix and active 
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matrix. Passive-matrix Liquid Crystal Displays use a simple grid to supply electrical 
charge to a particular pixel on the display. The grids made from a transparent 
conductive material (usually indium tin oxide), are formed using two glass layers 
called substrates, one provided with columns, the other with rows. 

5 The rows or columns are connected to integrated circuits that control when a charge is 
applied to a particular column or row. The liquid crystal material is sandwiched 
between the two glass substrates, and a polarizing film is added to the outer side of 
each substrate. 

A pixel is defined as the smallest resolvable area of an image, either on a screen or 
10 stored in memory. Each pixel in a monochrome image has its own brightness, from 0 
for black to the maximum value (e.g. 255 for an eight-bit pixel) for white. In a colour 
image, each pixel has its own brightness and colour, usually represented as a 
combination of red, green and blue intensities. 

To activate a particular pixel, the integrated circuit applies a charge to the relevant 
15 column of one substrate whilst grounding the corresponding row on the other 
substrate. The voltage applied to the intersection of the relevant row and column 
designating the pixel untwists the liquid crystals at that pixel. 

However, the passive matrix system has significant drawbacks, notably slow response 
time and imprecise voltage control. Response time refers to the Liquid Crystal 
20 Displays ability to refresh the image displayed. Imprecise voltage control hinders the 
passive matrix's ability to influence a single pixel at a time. When voltage is applied 
to untwist one pixel, the pixels around it also partially untwist, which makes images 
appear fuzzy and lacking in contrast. 

Active-matrix Liquid Crystal Displays depend on thin film transistors (TFT). Thin 
25 film transistors are tiny switching transistors and capacitors arranged in a matrix on a 



WO 03/040820 



17 



PCT/NZ02/00243 



glass substrate. To address a particular pixel, the appropriate row is switched on, and 
then a charge is sent down the correct column. Since all of the other rows that the 
column intersects are turned off, only the capacitor at the designated pixel receives a 
charge. The capacitor is able to hold the charge until the next refresh cycle. 
5 Furthermore, if the amount of voltage supplied to the crystal is carefully controlled, it 
can be made to untwist only enough to allow some light through. By doing this in 
very exact, very small increments, Liquid Crystal Displays can create a grey scale. 
Most displays today offer 256 levels of brightness per pixel. 

A Liquid Crystal Display that can show colours must have three subpixels with red, 
10 green and blue colour filters to create each colour pixel. Through the careful control 
and variation of the voltage applied, the intensity of each subpixel can range over 256 
shades. Combining the subpixels produces a possible palette of 16.8 million colours 
(256 shades of red x 256 shades of green x 256 shades of blue). 

Liquid Crystal Displays employ several variations of liquid crystal technology, 
15 including super twisted nematics, dual scan twisted nematics, ferroelectric liquid 
crystal and surface stabilized ferroelectric liquid crystal. There are also emissive 
technologies such as Organic Light Emitting Diodes which are addressed in the same 
manner as Liquid Crystal Displays. 

However, there are a number of practical considerations need to be addressed to 
20 produce a functional displays utilising multiple overlapping LCD screens, including 
the reduction or elimination of moire interference effects, coloured fringes, and 
crossed-polarisers, which are addressed in a number of ways including the use of 
diffusers, optical retarders and other optical materials and/or material finishes. 

To aid understanding and for the sake of clarity, the display (1) and associated display 
25 screens (3, 4) are shown in simplified, schematic form in the drawings. 
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Although the rear screen (4) may also be an LCD screen, it will be apparent that 
alternative, non-transparent display technology may be employed. 

Figure 2 shows a perspective view of a simplified dual screen display (1), whereby 
physical image (6, 7) is displayed on the front and rear screen (3, 4) respectively. 

5 The images (6, 7) are substantially identical in configuration and are aligned and 
dimensioned on their respective screens (6, 7) such that the two images appear to 
overlap exactly (i.e., they are coterminous) to an observer (8) viewing the display (1). 

By altering the luminance distribution between the two images (6, 7) the resultant 
image (2) perceived by an observer (8) appears to be located on an illusory plane (9) 
10 between the image planes of the two screens (6, 7). 

It will be apparent that this precise overlapping condition between the two images (6, 
7) only occurs along a particular optical axis. This axis is known as the fixation axis 
(10) and extends (equidistantly to the retinal foveas) from the image (6, 7) being 
observed to the mid point between the observers (8) eyes. 

15 Figure 3 shows the variation in luminance distribution for images (6, 7) displayed at 
the two screens (3, 4). It will be appreciated that in addition to varying the relative 
luminance between the two images (6, 7) the luminance of the display screen area (11, 
12) adjacent to the images (6, 7) may also be varied. 

Figure 4 shows four combinations of luminance variation between the images (6, 7) 
20 and surrounding screen areas (11, 12) respectively such that the front and rear images 
have an opposite sign of luminance difference between the images (6, 7) and the 
surroundings (11, 12). To aid visualisation of the differing luminance levels, the two 
screens (3, 4) are illustrated in the same plane; - in practice, the screens (3, 4) would 
overlap. 
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Figure 4(a) and 4 (b) show luminance levels whereby the resultant perceived image 
(2) is positioned in front of the display (1) in an front illusory plane (13) (as shown in 
figure 1) whilst figures 4(c) and 4(d) illustrate the situation where the perceived image 
(2) is positioned behind the rear screen (4) in a rear illusory plane (14). 

5 As previously indicated, an emissive source is required between the two screens (3, 4) 
if the front image (6) or surrounding screen area (11) is to have a higher luminance 
than the corresponding portions of the rear screen (4). The schematic representation 
of a display (1) illustrated in figure 1 show the addition of an emissive layer in the 
form of a light guide (15) located between the screens (3, 4). Figure 5 shows an 

10 expanded view of the light guide (15) in the form of a rectangular clear acrylic sheet 
(16) with a substantially planar upper and lower surface with a diffuser (17) affixed 
thereto or located adjacent to respectively. The light guide has along one peripheral 
edge, a cold cathode florescent tube (18) housed within a parabolic reflector (19) 
which reflects the illumination through the peripheral boundary wall of the light pipe 

15 (15), it there being retained by virtue of total internal reflection. Either or both of the 
planar surfaces of the light guide (15) may be provided with a plurality of diffusion 
dots. 

The diffusion dots are localised regions whereby the light constrained within the light 
guide striking the diffusion dots exceed the critical angle for total internal refraction 
20 and are emitted from the planar surface. To maintain an even distribution of 
luminosity, the cross sectional profile of the light guide (15) tapers with respect to 
distance from the florescent tube (18). The opposing peripheral edge to the florescent 
tube (18) is provided with an end reflector (20). 

Figure 6 schematically shows the incorporation of a refractor (21) between a front 
25 screen (3) and a rear screen (4) and the effects on an observer (8) viewing the display 
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from a position (A) substantially orthogonal to the plane of the screens (3,4), and a 
position (B) subtending an acute angle 0 with the screens (3, 4). 

When the observer (8) is in position (A), i.e., the conventional viewing position, there 
is no parallax error between a substantially identical images (notwithstanding the 
5 difference in luminance) located on the screens (3, 4) at points PI and P2 respectively. 

In the case of air (of refractive index nl) being the medium in front of and between 
the screen (3, 4), an observer at position B would see points PI and P2 as being 
separated by a distance Dl, which varies from zero to a value equal to the separation 
D3 of the screens (3, 4) for values of 0 varying from 90 - 0° respectively. 

10 Inserting the refractor (21) between the screen (3, 4) causes an alteration of the light 
rays (Rl and R2) to the observer (8) from PI and P2 respectively. The refractor (21) 
has a refractive index n2 (where n2 > nl) and thus, the light R2 passing through the 
refractor (21) from the image at point P2 is refracted towards the light Rl from the 
image at PI. Consequently, the two images appear to be separated by a closer 

15 distance D2 than the distance Dl apparent without the refractor (21) and parallax is 
thus reduced. 

The refractor (21) may be a distinct component in the display (1) or form part of the 
emissive layer such as the light guide assembly (15). 

Whilst the theoretical explanation for the phenomena of depth fusion differ amongst 
20 the scientific/engineering community, the benefits of employing such techniques with 
multi-focal plane displays utilising the applicants technology yield undeniable 
advantages over the prior art, particularly the use of combination displays. 

Aspects of the present invention have been described by way of example only and it 
should be appreciated that modifications and additions may be made thereto without 
25 departing from the scope thereof. 
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CLAIMS : 

1. A method of displaying an image using a display including one or more at least 
partially transparent, substantially parallel imaging screens located in front of, 
and overlapping with, a rear imaging screen, 

characterised in that a physical image is formed on two or more imaging 
screens, each image being of substantially identical configuration and being 
sized and aligned such that like portions of each image are coterminous to a 
viewer observing the display, 

wherein at least two of said coterminous images are displayed with different 
luminance. 

2. The method as claimed in claim 1, wherein said images appear coterminous 
when viewed along an observer's fixation axis substantially orthogonal to the 
plane of the said imaging screens. 

3. The method as claimed in claim 1 or claim 2, wherein the imaging screen areas 
adjacent the said images on at least two separate image planes are displayed 
with different luminance. 

4. The method as claimed in any one of the preceding claims, wherein the image 
and imaging screen area adjacent the said image are displayed with different 
luminance. 

5. The method as claimed in any one of the preceding claims, wherein the said 
images appear coterminous to an observer viewing along a along a sight-line 
extending from a mid point between the observers eyes to the images. 
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6. The method as claimed in any one of the preceding claims, wherein an at least 
partially transparent emissive layer is located between said image planes. 

7. The method as claimed in claim 6, wherein said emissive layer is a light guide. 

8. The method as claimed in claim 6 or 7, wherein said emissive layer is a sheet 
with substantially planar opposed upper and a lower surfaces and a peripheral 
boundary of a prescribed thickness, said sheet formed from a material such that 
light rays incident from said peripheral boundary are retained between the said 
planar surface through total internal refraction at angles less than a critical 
angle. 

9. The method as claimed in claim 8, wherein at least one said sheet planar surface 
has a plurality of defined features located thereupon capable of refracting a said 
retained light ray incident on a said feature through an angle greater than the 
said critical angle of total internal reflection sufficient to exit said sheet via one 
of said planar surfaces. 

10. The method as claimed in claim 9, wherein said features include diffusion dots, 
predetermined scratches, indentations protrusion, regular or irregular 
undulations and the like. 

11. The method as claimed in any one of claims 8-10, wherein at least one light 
source is located along said peripheral edge. 

12. The method as claimed in claim 11, wherein said light source is a cold cathode 
fluorescent tube. 



13. 



The method as claimed in claim 11, wherein said light source is formed from 
light emitting diodes. 
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14. The method as claimed in any one of claims 9-13, wherein said features are 
distributed with an increasing density as a function of distance from said light 
source. 

15. The method as claimed in claim 14, wherein said function is quadratic. 

16. The method as claimed in any one of claims 8-15, wherein the said prescribed 
thickness of the emissive sheet is reduced as a function of distance from a said 
light source. 

17. The method as claimed in any one of the preceding claims, wherein invention 
further includes a refractor interposed between at least two said imaging screens. 

18. The method as claimed in claim 17, wherein said refractor is formed from a 
material having a greater refractive index than that of a medium immediately 
adjacent the display exterior. 

19. The method as claimed in any one of claims 17-18, wherein said refractor is 
incorporated in said emissive layer. 

20. The method as claimed in any one of claims 6-19, wherein said emissive layer is 
configured to refract the ray axis of light at the said peripheral border such that 
the peripheral border between adjacent screens is not visible along said viewer's 
sightline. 

21. The method as claimed in any one of claims 5-20, wherein said emissive layer 
only emits luminance in a direction away from said rear imaging screen, 

22. The method as claimed in claim 6, wherein said emissive layer is formed from a 
transparent organic light emitting diode (TOLED) assembly. 
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23. The method as claimed in any one of the preceding claims, wherein one or more 
of said screens are liquid crystal display (LCD) screens. 

24. The method as claimed in any one of the preceding claims, wherein the rear 
imaging screen is non-transparent. 

25. A display configured to operate in accordance with the method as claimed in 
any one of claims 1-24. 

26. A method substantially as hereinbefore described, with reference to, and as 
shown in the accompanying drawings. 

27. A device substantially as hereinbefore described, with reference to, and as 
shown in the accompanying drawings. 
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Figure 1 
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Figure 2 
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